It is hard to develop wind farms in mountain areas when traditional conical steel towers are used. Prestressed concrete-steel hybrid (PCSH) tower has advantages and is an alternative for wind turbine due to weak requirement in transportation. In this paper, an optimization approach for PCSH wind turbine tower using particle swarm optimization (PSO) approach is proposed and employed to find an optimal design for a 2MW wind turbine with a height of 77.5m.The physical dimensions of the PCSH tower are adopted as variables and the total cost is treated as the optimal object function. Compared with that of the original design using traditional conical steel towers, the cost of the PCSH tower is reduced significantly by the use of the PSO algorithm.
INTRODUCTION
With the development of wind power industry, the height of wind turbine tower is increasing. It is difficult to develop large scale wind turbine structure in mountain areas due to the difficulties in transportation and additional expense in road construction [1, 2] .
Prestressed concrete-steel hybrid (PCSH) tower by replacing part of the steel tower with prestressed concrete (PC) has obvious advantages due to its higher stiffness and the convenience in cast-in-place concrete transportation. Seidel compared the hybrid steel and concrete tower with steel tower and stated that hybrid towers can be built at nearly every site such as mountain or other terrain [3] .
In optimization area, Ma and Meng optimized the design of PC wind turbine tower with genetic algorithm [4] .In this paper, an optimization approach using particle swarm optimization (PSO) for PCSH wind turbine towers considering constraints is proposed to minimize the cost when subjected to wind, seismic, and ice. A conical steel tower with a height of 77.5m is optimized using the proposed approach.
OPTIMIZATION APPROACH
The optimal problem of PCSH wind turbine tower can be expressed as:
Where x is a N-dimensional vector to represent the particle, z is the optimal target, () f x is a function to calculate the total cost of the tower, c(x) is a function vector. Both () f x and c(x) are nonlinear functions. The particles are operated by the following equations: c are the learning factors,  is a random variation with Gaussian distribution,
is the position of optimal point of the ith particle in the cycles from the 1st to the kth,
is the position of optimal point of all particles in the periods from the 1st to the kth.
The algorithm with weight function's learning factor is adopted in this paper to speed up the computation [5] . Unlike traditional PSO algorithm, the learning factor and inertia weight can be calculated as: 
where t is the number of iteration; M is the maximum number of iteration taking the value of 50; min w is the minimum inertia weight taking the value of 0.9; max w is the maximum inertia weight of 0.4.
In this paper, the geometric dimensions are mainly considered to achieve a more economical design. The cost P is chosen to be the objective function and can be calculated by equation(4).
where 1 C is the price of the steel of the tower, s  is the steel density,
is the thickness of the steel segment i ,
is the length of the steel segment i , N is the number of flange (or the number of steel segment), D is outside diameter of the tower shell, C is the price of flange. C2, C3 and C4 are the price of the concrete, steel bar and prestressed steel bar, respectively, As and Ap are the area of steel bar and prestressed steel bar, hc is the height of the concrete segment, t is the shell thickness. Wind turbine tower is subjected to wind load, probably earthquake and icing issues in cold climates during its service life. The load combinations considered are listed in Table 1 [6] .In this table, WL means wind load on tower, IL means ice load, DL means dead load and EQ means earthquake action. Constraints are illustrated in Figure 1 . The cost of two million RMB is treated as a constraint.
IMPLEMENTATION
The parameters of wind turbine and the site information are listed in Table II. Q345 steel tower with a design height of 77.5m is used to support a 2MW wind energy generator whose natural frequency is 0.39HZ. Its physical dimensions are listed in Table III . Its construction price is 1.66 million RMB. The employed concrete has a strengthen grade of C50 defined in Chinese code.
Employing PSO, a PCSH tower is optimized designed. The optimization result is shown in Table IV . It is clear that the height of the steel segment is about 30% of the whole height of the tower. Compared with that of the original steel tower design, the cost of the PCSH tower is about 39% lower than that of the original steel tower. The natural frequency is 0.58 Hz which is much higher than it of the traditional steel tower. 
CONCLUSIONS
An optimization approach using PSO algorithm has been proposed for the optima design of a PCSH wind turbine tower as an alternative of traditional steel tower. A wind turbine tower with a height of77.5m is employed as an example. Results show that the cost of the optimized hybrid tower decreases effectively considering the effect of wind, earthquake and ice. Additional advantage of PCSH tower is its frequency is much higher than that of traditional steel tower.
